Recent molecular phylogenetic investigations of the red algal genus Mastocarpus from the northeast Pacific resolved numerous cryptic species. Although species were clearly defined through genetic analyses, the correct names to apply to the species remained unclear due to both morphological variability within species and morphological similarity between species. To determine the appropriate name for each entity, we analyzed DNA from type material of taxa previously ascribed to Mastocarpus. In combination with this analysis, an updated phylogeny based on a broad range of geographical and morphological collections is presented that includes data from nuclear (ribosomal internal transcribed spacers [ITS]), chloroplast (rbcL) and mitochondrial [cytochrome oxidase I (COI)] genomes. By analyzing partial ITS region sequences of type specimens, we are able to match currently accepted names (Mastocarpus papillatus, M. pacificus and M. jardinii) to modern collections. We resurrect the following specific epithets and propose the new combinations Mastocarpus cristatus, Mastocarpus latissimus and Mastocarpus agardhii, and we create new species for which we were unable to verify an existing name: Mastocarpus alaskensis, Mastocarpus intermedius, Mastocarpus vancouveriensis, Mastocarpus californianus and Mastocarpus rigidus. The species formerly included in M. papillatus are now identified as Mastocarpus alaskensis, M. papillatus, Mastocarpus intermedius, Mastocarpus cristatus, Mastocarpus vancouveriensis and Mastocarpus latissimus. The name M. jardinii applies to a species thus far collected only from Moss Beach in San Mateo County and the Monterey Peninsula, both in California. Specimens other than the type previously assigned to M. jardinii are now separated into three species: Mastocarpus rigidus, Mastocarpus californianus and Mastocarpus agardhii. Mastocarpus cristatus represents a species closely allied to Clade 3 (Mastocarpus intermedius), and M. pacificus represents Clade 7. Morphological and anatomical diagnoses, along with vertical distributions and geographic ranges, are provided for each species.
INTRODUCTION
The genus Mastocarpus Kü tzing 1843 was originally established to accommodate four cartilaginous 'Gigartineae' with stipitate, frequently divided thalli and protruding cystocarpic papillae. Kü tzing's proposal, however, was dismissed by J. Agardh (1851 Agardh ( , 1876 Agardh ( , 1899 , who retained all of the Mastocarpus species in Gigartina Stackhouse 1809. Setchell & Gardner (1933) later resurrected the name but at the rank of subgenus, as Mastocarpus (Kü tzing) Setchell & N.L. Gardner, effectively lectotypifying the Kü tzing genus when they chose Gigartina mamillosa (Goodenough & Woodward) J. Agardh as the 'typical species'. Mastocarpus went without treatment until Guiry et al. (1984) reinstated the genus based on morphological, life history and biochemical features. These features included 'channelled' gametophytic thalli with female reproductive structures and carposporophytes borne in papillae and a heteromorphic (or direct) life history with the crustose Petrocelis-like tetrasporophyte phase producing tetrasporangia singly. The reinstatement has been supported by molecular analyses (Fredericq & Lopez-Bautista 2002; Lindstrom 2008a; LeGall & Saunders 2010) .
The number of Mastocarpus species recognized worldwide at the time of Setchell & Gardner (1933, as subgenus Mastocarpus) was 17. Of those, 12 were distributed in Pacific North America. Abbott (1972) reduced all but two names (Gigartina agardhii Setchell & N.L. Gardner, Gigartina jardinii J. Agardh) into synonymy under Gigartina papillata (C. Agardh) J. Agardh. In support of this reduction, she noted that intermediate characters between the different species were common, and sometimes characters attributed to more than one species appeared on a single thallus. West et al. (1978) recognized Gigartina papillata as a distinct entity and on the basis of priority placed Gigartina agardhii into synonymy under Gigartina jardinii.
Recent molecular studies on species of Mastocarpus from the northeast Pacific (Lindstrom 2008a) identified five distinct Mastocarpus papillatus clades (species) and a single, strongly supported clade containing Mastocarpus jardinii. Unfortunately, no reliable morphological distinctions were discernible among the species identified as Mastocarpus papillatus, and although a lengthy list of names extending back to Sphaerococcus papillatus C. Agardh (1821) was provided, it was unclear which names to apply to which clades (Lindstrom 2008a) . The present study expands on the northeast Pacific data set of Lindstrom (2008a) by including more samples from a wider geographic area and sequences of the chloroplast large subunit of the ribulose-1, 5-biphosphate carboxylase/oxygenase (rbcL) gene, the mitochondrial cytochrome oxidase I (COI) gene and the nuclear internal transcribed spacer region (ITS1, 5.8S rRNA gene and ITS2). Here we assign names to clades by performing genetic analyses on type material (Hughey et al. 2001 (Hughey et al. , 2002 . In addition, we present distributional, ecological and morphological data to aid in the delineation and identification of the northeast Pacific species of Mastocarpus.
MATERIAL AND METHODS

DNA analysis of newly collected material
DNA extraction, amplification and sequencing of ITS and rbcL genes followed the procedures in Lindstrom (2008a). The primer pair ITS1-JO6 was used to amplify and sequence the complete ITS region including the 5.8S rRNA gene (Lindstrom 2008a) , and the primer pair F57-RrbcSst was used to produce 1356 bp of the rbcL gene (Freshwater & Rueness 1994) . Amplification and sequencing of 665 bp at the 59 end of the COI gene followed Saunders (2005) using primers GazF1 and GazR1. Polymerase chain reaction (PCR) products were sequenced using the ABI Applied Biosystems (Foster City, California, USA) Big Dye Terminator V. 3 .1 cycle sequencing kit by the Nucleic Acid Protein Service Unit (University of British Columbia, Vancouver, British Columbia, Canada).
DATA ANALYSIS: Fully alignable ITS, rbcL and COI sequences from the specimens listed in Table 1 were concatenated and then subjected to maximum parsimony (MP), neighbour-joining (NJ) and maximum likelihood (ML) analyses using PAUP* 4.0b10 (Swofford 2002) following Lindstrom & Fredericq (2003) . The generalized time-reversible model + I + G was determined to be the appropriate model of evolution for the ML analysis using the Akaike Information Criterion in Modeltest 3.7 (Posada & Crandall 1998) . Model parameters included nucleotide frequencies A 5 0.2878, C 5 0.1814, G 5 0.2041; substitution rates A . C 1.7580, A . G 6.5293, A . T 0.6466, C . G 1.1034, C . T 12.9896 ; gamma shape parameter (G) 5 0.6719 and proportion of invariable sites (I) 5 0.5819. Bootstrap proportions were determined based on 10,000 replicates for MP, 1000 replicates for NJ and 100 replicates for ML. Because the specimens in the concatenated analysis represented a random assortment for which all three parts of the genome had been sequenced, we also analyzed all unique ITS genotypes (Table 1) using MP, NJ and ML analyses to determine whether the concatenated results were consistent with a much larger taxon sample. The transversion model + I + G was determined to be the appropriate model for this ML analysis with the following parameters: nucleotide frequencies A 5 0.2688, C 5 0.2195, G 5 0.2179 and substitution rates A . C 1.7592, A . G 3.5976, A . T 0.8863, C . G 1.1063, C . T 3.5976 , G 5 0.7453 and I 5 0.3408.
DNA analysis of type material
DNA EXTRACTION: All extractions and amplifications of type material (Table 2) were performed in a laboratory at Hartnell College, Salinas, California, in which modern DNA from Mastocarpus has not been analyzed. Standard negative controls were processed in parallel with type material to monitor for contamination from exogenous DNA. Extractions were carried out using the DNeasy Blood & Tissue Kit (Qiagen, Valencia, California, USA) . Approximately 15 mg of dried tissue (,5 mm 2 in size) was preincubated for 30 min at 56uC in a 1.7 ml microcentrifuge tube in a solution of 270 ml of Buffer ATL and 30 ml of Proteinase K. Partially digested samples were then ground with the wooden end of sterile swab and further incubated for 30 min to 2 h. Samples were centrifuged for 3 min at 8000 rpm to separate cellular debris from the supernatant. Two hundred microlitres of the supernatant (including any precipitate) was transferred to a new microcentrifuge tube containing 200 ml of ethanol (96-100%) and 200 ml Buffer AL. The resulting sample was mixed by pipetting, transferred to the DNeasy Mini spin column and then centrifuged for 90 s at 8000 rpm. For cases in which phycocolloids inhibited the flow-through of the supernatant, extended centrifugation at the same rate was carried out. The spin column was removed and placed in a new 2 ml collection tube and washed with 500 ml of Buffer AW1 by centrifugation for 1 min at 8000 rpm. The column was then placed in a new 2 ml collection tube and washed with 500 ml of Buffer AW2 by centrifugation for 3 min at 14,000 rpm. The DNA was eluted with 70 ml of Buffer AE for 5 min followed by centrifugation for 1 min at 8000 rpm.
DNA AMPLIFICATION PROTOCOL: For all PCR reactions, 6 ml of stock or 6 ml of diluted DNA (10-fold) served as template for 50 ml reactions following the protocol outlined in the TopTaq TM PCR Handbook using 10 ml of 5X Q-Solution (Qiagen). To eliminate competition from nonspecific fungal contaminants, a Mastocarpus specific forward ITS 1 primer 59 GGACATTCGTAGTGGGATAGT 39 was used in conjunction with the universal ITS 2 reverse primer (GCTGCGTTCTTCATCGATGC) designed by White et al. (1990) . Reactions were run on a Perkin Elmer Cetus DNA Thermal Cycler (Waltham, Massachusetts, USA) with the following parameters: 94uC for 90 s; followed by 40 cycles of 94uC for 25 s, 53uC for 30 s and 72uC for 60 s and final extension of 72uC for 5 min. PCR products were purified using the QIAquick PCR Purification Kit following the manufacturer's instructions (Qiagen). The samples were sequenced using both forward and reverse primers by Functional Biosciences, Inc. (Madison, Wisconsin, USA) and edited using Chromas Lite Version 2.01 (Technelysium Pty Ltd, Queensland, Australia).
RESULTS
Phylogenetic analysis of concatenated ITS, COI and rbcL sequence data representing 43 ingroup and two outgroup taxa generated the ML phylogram in Fig. 1 . With the Mastocarpus rigidus and Mastocarpus californianus also showed a strong sibling relationship, as did these two species to Mastocarpus agardhii; finally, these three species were clearly related to Mastocarpus latissimus. The remaining species showed no clear relationships with other species and occurred alone on their own robustly supported branches. Sequence analysis of the ITS regions of 382 specimens of Mastocarpus resulted in the identification of 128 unique ribotypes. Maximum likelihood and maximum parsimony analyses of these unique ribotypes generated phylograms that were congruent with the concatenated tree, with the exception of Mastocarpus cristatus, which was nested within a branch containing Mastocarpus intermedius (Fig. 2) . Separate analyses on 68 COI and 66 rbcL gene sequences, representing all known Mastocarpus clades, supported similar relationships as those found in Fig. 1 (data not shown).
Within species variation in rbcL ranged from 0% among many conspecifics to a maximum of 0.7% in M. pacificus (between Japanese and Alaskan specimens) and 1.3% among some specimens retained in M. papillatus. This latter figure was more than the level of difference between Mastocarpus intermedius and Mastocarpus cristatus (0.6-0.7%) and similar to the level of difference between M. papillatus and its sibling species Mastocarpus alaskensis (1.0-1.5%) and among the closely related Mastocarpus rigidus, Mastocarpus californianus and Mastocarpus agardhii (1.0-1.7%). For the COI gene, within species variation ranged from 0% among many conspecifics, to 1.7% for M. pacificus and up to 5.5% for specimens retained in M. papillatus. In contrast to the rbcL gene, which indicated little distance between Mastocarpus intermedius and Mastocarpus cristatus, there was significant distance in the COI gene (3.5-4.5% ) between these species. Mastocarpus rigidus and Mastocarpus californianus were separated by a modest distance (2.2-2.3%), and both showed a similar and shorter distance to Mastocarpus latissimus (2.0-3.2%) than to Mastocarpus agardhii (8.6-9.1%).
Below we provide details of our identification of these clades with existing species names, and we create new species that cannot be matched with existing names. We follow Lindeberg & Lindstrom (2010, fig. 4 ) in the application of the habitat descriptors high, mid and low intertidal. In general, high intertidal is at the elevation of Balanus glandula Darwin and Endocladia muricata (Endlicher) J. Agardh and near the upper limit of Fucus distichus subsp. evanescens (C. Agardh) H.T. Powell, where these species occur. The mid intertidal zone is the elevation dominated by Fucus distichus and Semibalanus cariosus (Pallas). The low intertidal zone is often dominated by green or red algae at more sheltered sites and by kelps on Gametophytic thallus upright, crisp, up to 9 cm tall. Stipe terete, unbranched, 1-3 mm in length, expanding slightly into a flattened apophysis 6-15 mm long and 2-18 mm wide, then into blades 3-10 mm wide and 300-500 mm thick. Thallus uniformly reddish black. Margin of apophysis slightly swollen, giving thallus its canaliculate character; margin of blade slightly wavy, rarely proliferous. Branching highly variable, generally subdichotomous, to three orders, occasionally unbranched. Apices rounded, crenate, or irregular. In section, cortex of 6-8 cell layers, occupying about half the width of the section. Male thalli smooth, without papillae. Female thalli with simple papillae, initially nipple-like, becoming subspherical at maturity; papillae restricted to blade surface (not along margins); larger papillae occurring on older (lower) parts of the thallus in discrete patches (Figs 24, 25) . Distinguished from other Mastocarpus species by molecular sequence differences. Table 1 ), and clades (1-10) discussed in text indicated in parentheses. L. Gardner 1917: 391, pl. 33, fig. 1 Setchell & Gardner (1933: 291, pl. 65 ) indicated that Hb. Ag. 23800 was the specimen that J. Agardh used to describe this species. This makes sense because it was collected by Jardin, after whom it was named. Thus, we consider this material to be the holotype rather than a lectotype. Thus far, this species is known only from Moss Beach in San Mateo County and the Monterey Peninsula, California (Fig. 42) . These results clearly indicate that the name Mastocarpus jardinii represents a different entity from the narrower thalli that are characteristic of Gigartina agardhii and other species (see below). Mastocarpus jardinii occupies the low intertidal (0 to 20.25 m level) and has blades that are intermediate in width between Mastocarpus papillatus and Mastocarpus agardhii.
A second specimen (LD Hb. Ag. 23801), mounted on the same composite sheet as the type LD Hb. Ag. 23800 and thus representing potential syntype material of Gigartina jardinii, was also analyzed. Its ITS sequence placed it into Clade 6B (see below). It was identical to sequence M475 from Cape Mendocino, California. To our knowledge LD Hb. Ag. 23801 has not been previously assessed and is not associated with a specific epithet. It should not be considered part of the type of Mastocarpus jardinii.
Mastocarpus pacificus (Kjellman) Perestenko 1980: 72
Gametophytic thallus upright, crisp or flaccid, up to 7 cm tall. Stipe terete, unbranched, 2-8 mm in length, expanding slightly into an apophysis 7-12 mm long and 2 mm wide, then into blades 1-15 mm wide and up to 400 mm thick. Thallus uniformly reddish black, fading to dusky rose. Margin of apophysis not swollen, thallus not canaliculate. Branching subdichotomous to flabellate, to three orders. Apices crenate, rounded or acuminate. In section, cortex of 9-10 cell layers, occupying more than half the width of the section; cuboidal cells like those of inner cortex extending across most of the width of the medulla, with narrow filaments intertwined among them. Male thalli smooth, without papillae. Female thalli with papillae on both surface and margins (pacificus form) or restricted to margins, including terminal segments (ochotensis form). Distinguished from other Mastocarpus species by molecular sequence differences.
BASIONYM: Gigartina pacifica Kjellman 1889: 31. (Ohno et al. 1982) . Verified distribution: Cook Inlet and Kodiak Island, Alaska, west to northern Japan (Fig. 42) .
Mastocarpus latissimus (Harvey) comb. nov. ITS sequence of the holotype of G. dichotoma also belonged to Clade 5. The 223 bp fragment at the 59 end of the nSSU ITS1 region of the type specimen was identical to two specimens (from La Desembocadora de Bío Bío, near Concepció n, Chile, Leg. Paul Gabrielson). These sequences differed from other Clade 5 sequences by a 1 bp indel. Although the Chilean sequences differed from other Clade 5 sequences at up to five other nucleotide positions, either indels or base pair substitutions, across the 728 bp ITS region, these differences were uncommon among the 63 sequences compared. Habitat: mid to low intertidal on bedrock and boulders. Verified distribution: Moss Beach, San Mateo County, California, north to Attu Island, Aleutian Islands, Alaska; Chile (Fig. 42) .
Gametophytic thallus upright, cartilaginous, up to 15 cm tall. Stipe and apophysis terete, branched or unbranched, 25-55 mm in length, constituting a third to half the height of the thallus, expanding into narrow blades of uniform width (,3 mm) and 450-500 mm thick. Thallus uniformly dark reddish black. Margin of apophysis and blade slightly swollen, giving thallus its canaliculate character. Branching more or less dichotomous or divaricate, up to six orders. Apices narrowly rounded on female thalli to slightly crenate on male thalli. In section, cortex of 10-11 cell layers, occupying about half the width of the section. Papillae vermiform (Fig. 39) , on blade surface and submarginal. Cystocarpic papillae with long stalks (pedicellate), each with a swollen subterminal cystocarp (Fig. 38) California. Mastocarpus agardhii (Clade 6C) is one of three species formerly and erroneously referred to as M. jardinii. In contrast to M. jardinii, which occurs in the low intertidal, Mastocarpus agardhii grows on the rocks in the high to mid intertidal 'between the 3.5-and 1.0-foot tide levels' on the Monterey Peninsula (Smith 1944: 284) and in the mid intertidal elsewhere. This species was first described as Gigartina papillata f. dissecta Setchell on the label to PB-A 427. Later Setchell & Gardner (1933) elevated the taxon to specific rank, adopting the epithet agardhii. Setchell & Gardner noted that the species was incorrectly identified by J. Agardh (1899: 24) fig. 2 ), a species now considered to be referable to Laurencia (www.algaebase.org, visited 15 January 2010). Rather than illustrating their type specimen, however, they provided photos of Agardh's material, identifying it as Gigartina agardhii but with the misleading label, 'Type sheet of G. batrachopus'. Mastocarpus agardhii was included as a synonym of Mastocarpus jardinii by Guiry et al. (1984) . The present work clearly indicates that the two species are distinct.
The specimens identified as Mastocarpus agardhii from Vancouver Island, based on nSSU ITS sequences, show either evidence of hybridization with other, closely related species or evidence of chimeric thalli due to coalescence (Santelices et al. 1999 ). M78 has the ITS sequence of Mastocarpus agardhii, a rbcL sequence allying it to Clade 6B (Mastocarpus californianus; see below) and a COI sequence allying it to Clade 5 (Mastocarpus latissimus). In contrast, M381, which also has the ITS sequence of Mastocarpus agardhii, has the COI sequence of Clade 6A (Mastocarpus rigidus; see below) and the rbcL sequence of Clade 6B. Compared with Clade 6A, Clade 6C (Mastocarpus agardhii) occurs slightly higher in the intertidal zone where the two species co-occur on Vancouver Island.
Verified distribution: Monterey Peninsula, California; north and west Vancouver Island, British Columbia (Fig. 42) .
Mastocarpus cristatus (Setchell) comb. nov.
Gametophytic thallus upright, crisp, flabellate, up to 8 cm tall, terete at base, stipe unbranched, 3-5 mm in length, expanding slightly into an apophysis 5-15 mm long, then into blades mostly less than 8 mm wide and 250-300 mm thick (but often appearing thicker due to dense covering of papillae). Thallus uniformly reddish black. Margin of apophysis swollen, giving it a distinctive canaliculate appearance. Branches subdichotomous, to five orders, with crenate apices. In section, cortex of 6-8 cell layers, occupying at least half the width of the section. Papillae occurring on both male and female thalli and on both surfaces and margins of blades, including near the base of the thallus, often very dense (Figs 30, 31) ITS sequence of UC 93707 (holotype): Clade 3C (Lindstrom 2008a; this study). The 227 bp fragment at the 59 end of the nSSU ITS1 region from this type specimen differed by 1 indel from some specimens of this species and by the indel and a single additional nucleotide difference from other specimens. All specimens were collected from the Monterey Peninsula, the only area where this species is currently known to occur (Fig. 42) . Specimens grew on bedrock from 20.25 m to +1.5 m, with the majority coming from +1.0 m (mid intertidal).
New species of Northeast Pacific Mastocarpus
CLADE 1: Known to occur from Trinidad, Humboldt County, California, to Attu Island, Alaska, and possibly further west, this may be the most abundant species of Mastocarpus based on its broad geographic range and local dominance in the mid to high intertidal. A potentially available name for this species is Gigartina sitchensis. However, since we have been unable to obtain type material of Gigartina sitchensis from LE, we propose the name Mastocarpus alaskensis for this taxon because it is the common high intertidal species in Alaska.
Mastocarpus alaskensis sp. nov.
Figs 3-6, 22, 23
Thallus gametophyticus erectus crispus usque ad 15 (ad 21) cm altus (Fig. 3) . Stipes teres eramosus 1-3 mm longus, leviter expansus in apophysim 6-14 mm longam 4-10 mm latam, deinde in laminas 4-35 mm latas usque ad 350 mm crassas. Thallus rubroniger brunneoruber vel rubrobrunneus, decoloratus fusce roseus. Apophysis margine leviter tumido, thallum canaliculatum faciens; lamina margine leviter undulato raro prolifero. Ramificatio subdichotoma vel flabellata, ad quatuor ordines, thallus interdum eramosus. Apices crenati dissecti vel irregulariter lobati. Cortex in sectione transversali e stratis cellularum sex ad octo (ad 12) constare visus, circiter dimidiam partem sectionis occupans (Figs 4, 5) . Thalli masculi laeves sine papillis (Fig. 6) . Thalli foemini papillis simplicibus, primum barbatuliformibus dein cylindricis postremo subsphaericis, ad superficiem laminae (non ad margines) restrictis (Figs 22, 23) ; papillis majoribus in partibus thalli senioribus (inferioribus). Ab aliis speciebus Mastocarpi ordinibus nucleotidorum distinguendus.
Gametophytic thallus upright, crisp, up to 15 (to 21) cm tall (Fig. 3) . Stipe terete, unbranched, 1-3 mm in length, expanding slightly into an apophysis 6-14 mm long and 4-10 mm wide, then into blades 4-35 mm wide and up to 350 mm thick. Thallus uniformly reddish black, brownish red, reddish brown, fading to dusky rose. Margin of apophysis slightly swollen, giving thallus its canaliculate character; margin of blade slightly wavy, rarely proliferous. Branching subdichotomous to flabellate, to four orders, occasionally unbranched. Apices crenate, dissected, or irregularly lobed. In section, cortex of six to eight (to 12) cell layers, occupying about half the width of the section (Figs 4, 5) . Male thalli smooth, without papillae (Fig. 6 ). Female thalli with simple papillae, stubble-like at first, becoming cylindrical and then subspherical; papillae restricted to blade surface (not along margins; Figs 22, 23) ; larger papillae occurring on older (lower) parts of the thallus. Distinguished from other Mastocarpus species by molecular sequence differences.
HOLOTYPE: Left specimen (Fig. 3) , UBC A88537, high intertidal bedrock, north of Deep Bay, Atka Island, Aleutian Islands, Alaska, 15 July 2007, Leg. Mandy R. Lindeberg (ALEUT07_387). DNA extract M392.
HABITAT: Occurring on rock, usually in the mid to high intertidal zone. Where they co-occur, this species can be slightly lower than M. papillatus.
VERIFIED DISTRIBUTION: Trinidad, Humboldt County, California, north to Attu Island, Aleutian Islands, Alaska (Fig. 42) . CLADE 3: Is divided into two distinct, well supported clades (Fig. 1) . As noted above, one of these is assignable to Mastocarpus cristatus, a species thus far known only from the Monterey Peninsula. We propose the name Mastocarpus intermedius for the other clade because it shares many characters with other species in the genus.
Mastocarpus intermedius sp. nov.
Figs 7-10, 28, 29
Thallus gametophyticus erectus crispus usque ad 9 cm altus (Fig. 7) . Stipes teres eramosus 1-8 mm longus sensim expansus in apophysim 10-20 mm longam, deinde in laminas plerumque ad 20 mm latas 175-350 mm crassas. Thallus uniformiter rubroniger. Apophysis margine tumido, thallum distincte canaliculatum faciens. Ramificatio subdichotoma flabellata vel prolifera, usque ad quatuor ordines, vel thallus eramosus. Apices rotundati vel irregulares. Cortex in sectione transversali e stratis cellularum 8-15 constare visus, plus quam dimidiam partem sectionis occupans (Figs 8-10) . Papillae in thallis maturis masculis foeminisque et in utraque superficie laminae, et prope basin frondis (Figs 7, 28, 29) ; papillae foeminae primum hemisphaericae, dein compositae interdum vermiformes (convolutissimae); papillae masculae ligulatae, dein magnificantes proliferantes. Ab aliis speciebus Mastocarpi ordinibus nucleotidorum distinguendus.
Gametophytic thallus upright, crisp, up to 9 cm tall (Fig. 7) . Stipe terete, unbranched, 1-8 mm in length, expanding gradually into an apophysis 10-20 mm long, then into blades mostly to 20 mm wide and 175-350 mm thick. Thallus uniformly reddish black. Margin of apophysis swollen, giving it a distinctive canaliculate appearance. Branching subdichotomous, flabellate or proliferous, up to four orders, or unbranched. Apices rounded to irregular in shape. In section, cortex 8-15 layers, occupying more than half the section (Figs 8-10 ). Papillae occurring on both mature male and female thalli and on both surfaces and margins of blades, including near the base of the frond (Figs 7, 28, 29) . Female papillae initially hemispheric, becoming compound and sometimes vermiform (very convoluted). Male papillae ligulate, becoming large and proliferous. Distinguished from other Mastocarpus species by molecular sequence differences.
HOLOTYPE: Leftmost specimen (Fig. 7) , UBC A88558, epilithic, near coarse sand at base of boulders, +0.5 m above mean lower low water (MLLW), Hopkins Marine Station, Pacific Grove, Monterey County, California, 7 January 2008, Leg. Patrick T. Martone (Z). DNA extract M407.
HABITAT: Occurring on rock usually in the mid to low intertidal zone.
VERIFIED DISTRIBUTION: Ensenada, Baja California, Mexico, north to northern British Columbia; Cape Kaguyak, Kodiak Island, Alaska (Fig. 42 ).
CLADE 4: Is clearly distinguished in all analyses (Figs 1, 2) . We propose the name Mastocarpus vancouveriensis for this species because its distribution is centred on Vancouver Island.
Mastocarpus vancouveriensis sp. nov.
Figs 11-14, 26, 27
Thallus gametophyticus erectus aliquot flaccidus usque ad 8 cm altus, basi teres. Stipes eramosus 3-5 mm longus leviter expansus in apophysim 10-15 mm longam 2-3 mm latam (Fig. 11) . Thallus fusce ruber vel rubroniger. Apophysis margine leviter tumido, thallum canaliculatum faciens. Ramificatio prolifera ex apice apophysis, interdum subdichotoma, ad tres ordines. Laminae proliferae ad 1.5 cm latae 3 cm longae, primum orbiculares vel ellipticae, dein cordatae, stipite angustissimo affixae. Apices rotundati. Cortex in sectione transversali e stratis cellularum sex ad octo constare visus, plus quam dimidiam partem latitudinis sectionis (200 mm) vix occupans (Figs 12, 13) . Spermatangia in superficie laminarum (Fig. 14) . Thalli foeminae papillis plerumque simplicibus, subsphaericis, interdum ramis duo globularis instructis, sparsis, ad partes seniores thalli restrictis (Figs 26, 27) . Ab aliis speciebus Mastocarpi ordinibus nucleotidorum distinguendus. Gametophytic thallus upright, somewhat flaccid, up to 8 cm tall, terete at base, stipe unbranched, 3-5 mm in length, expanding slightly into an apophysis 10-15 mm long and 2-3 mm wide (Fig. 11) . Thallus dark red to reddish black. Margin of apophysis slightly swollen, giving thallus its canaliculate character. Branching proliferous from apex of apophysis, occasionally subdichotomous, to three orders. Proliferous blades to 1.5 cm wide and 3 cm long, initially orbicular to elliptical, becoming cordate, attached by a very narrow stipe. Apices rounded. In section, cortex of six to eight cell layers, occupying slightly more than half the Fig. 7 . Holotype (left) and isotypes of Mastocarpus intermedius (UBC A88558). Fig. 8 . Cross section of blade. Fig. 9 . Detail of cortex (and medulla) in cross section. Fig. 10 . Spermatangia in blade cross section.
Figs 11-14. Mastocarpus vancouveriensis type material. Fig. 11 . Holotype (lower centre) and isotypes of Mastocarpus vancouveriensis (UBC A85326). Fig. 12 . Cross section of blade. Fig. 13 . Detail of cortex (and medulla) in cross section. Fig. 14 . Spermatangia in blade cross section.
200 mm width of the section (Figs 12, 13) . Spermatangia on blade surface (Fig. 14) . Female thalli with mostly simple papillae, subspherical, occasionally with two globularshaped branches; sparse, restricted to older parts of thallus (Figs 26, 27) . Distinguished from other Mastocarpus species by molecular sequence differences.
HOLOTYPE: Bottom centre specimen (Fig. 11) , UBC A85326, high intertidal bedrock in sand, Brady's Beach, Barkley Sound, British Columbia, Canada, 17 April 2003, Leg. S.C. Lindstrom (SCL 10719). DNA extract M91.
HABITAT: Occurring on rock usually in the mid to high intertidal zone often surrounded by sand.
VERIFIED DISTRIBUTION: Cape Mendocino, California, north to Sitka, Alaska (Fig. 42) . CLADE 6A AND 6B: Share a habit of clustered, narrow, cartilaginous thalli with Clade 6C (Mastocarpus agardhii). These two species are more closely related to each other than either is to Mastocarpus agardhii as noted above. However, Clades 6A and 6B are sufficiently distinct to warrant recognition as separate species (Figs 1, 2) , and we propose the names Mastocarpus rigidus for Clade 6A because of the upright, rigid character of this species and Mastocarpus californianus for Clade 6B because it is currently known only from northern California.
Mastocarpus rigidus sp. nov.
Figs 15-18, 34, 35
Thallus gametophyticus erectus cartilagineus usque ad 9 cm altus (Fig. 15) . Stipes apophysisque teres (Fig. 18) eramosa 20-35 mm longa, partem tertiam vel dimidiam altitudinis thalli attingens, expansa in laminas 5 mm latas in thallis foeminis, 12 mm latas in thallis masculis, 275 mm crassas. Thallus unicolor: rubroniger. Apophysis margine leviter tumido, thallum canaliculatum faciens. Ramificatio plus minusve dichotoma, usque ad quatuor ordines. Apices anguste rotundati vel crenato-fimbriati. Cortex in sectione transversali e stratis cellularum septem ad novem constare visus, dimidiam partem latitudinis sectionis occupans (Fig. 16) . Papillae simplices in superficie marginibusque, hemisphaericae vel irregulares sed interdum prolificantes (laminiformes; Figs 34, 35), papillis senioribus majoribus basalibus, junioribus minoribus distalibus. Spermatangia et in papillis et in superficie laminae (Fig. 17) . Ab aliis speciebus Mastocarpi ordinibus nucleotidorum distinguendus. Gametophytic thallus upright, cartilaginous, up to 9 cm tall (Fig. 15) . Stipe and apophysis terete (Fig. 18) , unbranched, 20-35 mm in length, constituting a third to half the height of the thallus, expanding into blades 5 mm wide on female thalli, 12 mm wide on male thalli and 275 mm thick. Thallus uniformly reddish black. Margin of apophysis slightly swollen, giving thallus its canaliculate character. Branching more or less dichotomous, up to four orders. Apices narrowly rounded to crenate/fimbriate. In section, cortex of seven to nine cell layers, occupying half the width of the section (Fig. 16) . Papillae simple, on surface and margins, hemispheric to irregular in shape but can become proliferous (bladelike; Figs 34, 35) . Older, larger papillae basal; smaller, younger papillae distal. Spermatangia on both papillae and blade surface (Fig. 17) . Distinguished from other Mastocarpus species by molecular sequence differences.
HOLOTYPE: Leftmost specimen (Fig. 15) , UBC A88570, on mid intertidal bedrock with Fucus distichus subsp. evanescens and Saccharina sessilis, Botanical Beach, Vancouver Island, British Columbia, Canada, 11 July 2010, Leg. Patrick T. Martone (PTM 184). DNA extract M559. HABITAT: Occurring on rock usually in the (lower) mid intertidal zone. Where they co-occur, this species can be slightly lower than Mastocarpus agardhii. Thalli often occur in clumps of 15-50 individuals.
VERIFIED DISTRIBUTION: North Jetty, Humboldt Bay, California, north to Atka Island, Aleutian Islands, Alaska (Fig. 42) .
Mastocarpus californianus sp. nov.
Figs 19-21, 36, 37
Thallus gametophyticus erectus cartilagineus usque ad 8 cm altus (Fig. 19) . Stipes apophysisque teres eramosa 15-35 mm longa, usque ad partem dimidiam altitudinis thalli attingens sed plerumque brevior, 2-3 mm lata, expansa in laminas proliferas 1-3 mm latas 350 mm crassas. Thallus unicolor: rubroniger. Apophysis margine leviter tumido, thallum canaliculatum faciens. Ramificatio irregularis, interdum prope basin thalli. Apices cordati vel crenati. Cortex in sectione transversali e stratis cellularum 10-11 constare visus, circiter dimidiam partem longitudinis sectionis occupans (Figs 20, 21) . Papillae simplices in superficie marginibusque, interdum prolificantes (laminiformes; Figs 36, 37). Ab aliis speciebus Mastocarpi ordinibus nucleotidorum distinguendus.
Gametophytic thallus upright, cartilaginous, up to 8 cm tall (Fig. 19) . Stipe and apophysis terete, unbranched, 15-35 mm in length, constituting up to half the height of the thallus but often considerably less, 2-3 mm wide, expanding into proliferous blades 1-3 mm wide and 350 mm thick. Thallus uniformly reddish black. Margin of thallus slightly swollen, giving it a canaliculate character. Branching irregular, can occur near base of thallus. Apices cordate to crenate. In section, cortex of 10-11 cell layers, occupying about half the width of the section (Figs 20, 21) . Papillae simple, on surface and margins, some becoming proliferous (bladelike; Figs 36, 37). Distinguished from other Mastocarpus species by molecular sequence differences.
HOLOTYPE: Leftmost specimen (Fig. 19) , UBC A88483, low intertidal boulder, ,0. We have been unable to obtain type material of this species. It is possible that this specific epithet will replace a proposed name but we expect that this species is a synonym of M. pacificus, which has nomenclatural priority.
Gigartina sitchensis (Ruprecht) Yendo 1916: 57
This name was first used by Kjellman 1889: 31 but without indicating it was a new combination, nor citing the basionym.
BASIONYM: Chondrus mamillosus var. sitchensis Ruprecht 1850: 126.
TYPE: Presumably Sitka, Alaska. As noted above, we have been unable to obtain type material of this species. It is possible that this is an older name for Mastocarpus alaskensis, although other species of Mastocarpus are also known to occur in the Sitka area. Moreover, we have encountered a number of instances of misapplication of provenance to old Russian material, so we are reluctant to predict to which species this might belong.
DISCUSSION
These results underscore earlier observations that there are more species of Mastocarpus in the northeast Pacific than previously acknowledged (Lindstrom 2008a; Le Gall & Saunders 2010) . Inclusion of mitochondrial COI sequence data supports earlier conclusions derived from nuclear ITS and chloroplast rbcL sequences (Lindstrom 2008a). Sequences from additional specimens from California indicate that even more species than those originally identified by Lindstrom (2008a) required names.
Small fragments of type material from public herbaria provided unambiguous ITS sequences that allowed us to match unequivocally these types with our own modern collections. These results highlight the importance of sequencing type material, where possible, to determine the correct application of existing names to cryptic species identified using molecular techniques. However, we acknowledge that this is often not as easy with other taxa as it has been with Mastocarpus. Mastocarpus is a genus for which many types are available in herbaria; many of the species are well-adapted to tough intertidal conditions (extended periods of desiccation, burial by sand), which may 'predispose' them to enhanced preservation compared with thalli from other environments.
Despite the success of this study, we were unable to find morphological features that would allow us to unequivocally identify many specimens. Nevertheless, Mastocarpus species show distinct geographic ranges and preferred habitats. However, even these observations require caveats since ranges may shift through time or by human-mediated activities. Mastocarpus pacificus, which is represented by the type of M. unalaschcensis from the Aleutian Islands from nearly 200 years ago, is much less common there now than Mastocarpus alaskensis, which appears to be absent from early Aleutian collections. Although Mastocarpus alaskensis is usually found in the mid to high intertidal zone, we have occasionally found it lower on the shore in areas with otherwise sparse algal cover. We were surprised to find specimens of Mastocarpus agardhii on Vancouver Island with sequences identical to those from the Monterey Peninsula more than 1000 km away and with no apparent geographically intermediate populations. Moreover, these Vancouver Island populations are odd because specimens with ITS of Mastocarpus agardhii have organelle sequences from other species as noted above. (Zuccarello et al. 2005 also observed mixed genotypes in European Mastocarpus, with asexual thalli having the plastid haplotype of the northern breeding group and the mitochondrial haplotype of the southern breeding group.) The occurrence of Mastocarpus latissimus in Chile, with little genetic differentiation from some California specimens, also raises the possibility of modern, anthropogenic dispersal.
These results support the hypothesis that biogeography is a major driver of speciation among seaweeds in the northeast Pacific (Lindstrom et al. 1996; Lindstrom 2006 Lindstrom , 2008a . Sister species recognized in this paper show clear geographic differentiation, although sometimes with present-day overlap. Mastocarpus alaskensis is the northern counterpart of M. papillatus, although they overlap from northern Vancouver Island to northernmost California; where they co-occur, M. papillatus is slightly higher in the intertidal, as one might expect in a more southerly species. Mastocarpus rigidus and Mastocarpus californianus also show geographic differentiation, with Mastocarpus rigidus known to occur from Humboldt Bay to the Aleutian Islands, and Mastocarpus californianus thus far known only from Bodega Head to Cape Mendocino. These two species are in turn sister species to Mastocarpus agardhii, which occurs on the Monterey Peninsula, California. This study does not address the fascinating question of the relationship between apomictic and sexual upright thalli in Mastocarpus spp., a phenomenon widely published in the genus (e. 
